Abstract
The prediction of the physico-chemical properties of degraded soils is very important for crop 37 growth, low quality land improvement, and environmental sustainability (Childs and Hank, 1975; 38 Metternicht and Zinck, 2003 of different soil properties (Islam et al., 2003; Davies, 2005; Cambule et al., 2012) .
52
There have been a number of studies relating soil physico-chemical properties to 53 reflectance-related features (Mahesh et al., 2014; Kim et al., 2014) . Lü et al. (2013) Viscarra-Rossel and Behrens, 2010) . Of the different methods, PLSR has been the most popular.
76
However, other multivariate methods accounting for nonlinear responses such as SVM (Zhai et al. 77 2012; Bao et al., 2014) , wavelets, and artificial neural networks may perform better (Janik et al., 78 2009; Viscarra-Rossel and Lark, 2009; Viscarra-Rossel and Behrens, 2010; Viscarra Rossel and 79 Webster, 2012). SVM is a machine-learning-algorithm that is extensively applied in nonlinear 80 systems. Its approach is to map nonlinearity of samples to a high-dimensional feature space, and to 81 seek a linear regression function in that high-dimensional space (Amari and Wu, 1999) . It utilizes 82 the information from a limited number of samples, and seeks the optimal compromise between the 83 complexity and predictive power of the models. It is also good in performance generalization. Some 84 advantages of SVM are solving problems with a small number of samples, nonlinearity, and pattern 85 recognition in a high dimensional data space (Belousov et al., 2002; Chapelle et al., 1999) . Due to 86 the obtained models being regionally specific, the models need to be carefully calibrated and 87 validated before they are applied to other regions. 
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The soil-water ratio was brought to 1:5 for all the crushed soil samples in preparation for the 133 leaching liquor (Palacios-Orueta and Ustin, 1996) . Each glass bottle containing the soil-water 134 mixture was put on an oscillator for 30 minutes to thoroughly dissolve the soil salts. The bottles
135
were then let to be settled for 24 hours, to obtain a clarified solution (Farifteh, 2008 the R e data (Buddenbaum and Steffens, 2012) . LR is used to reduce the effects of noise, light, and 153 background on R e . SNV is adopted to eliminate the effects of solid particle size and optical path 154 change of surface scattering on R e . SNV is calculated by (Barnes et al., 1989) :
where µ is mean value of R e , and σ is standard deviation of R e . predicted values (Liu, 2013) .
180
The subscript 'C' was chosen to distinguish the calibration processes for model establishment, 
189
In addition, the relative percent deviation (RPD) was calculated to judge the predictive ability 
204
- ], and SAR are shown in Table 1 .
206
The skewness of a normally distributed series is 0, and its kurtosis is 3. As skewness is > 0 (or < 0), ], and SAR (Nielsen, 1985) . This could have a possible influence in decreasing 226 the accuracy of the subsequent modeling. modeling. Figure 4 shows the Pearson correlation coefficient (r) between the measured soil properties
238
and R e at various wavelengths. The correlations relating cation concentrations and SAR to R e , LR 
246
- shown in Table 2 . Figure 5 shows the scatter plots of the observed and predicted SAR values in each model.
293
Using a step-by-step procedure, the most applicable model, i.e., SAR against SNV using the SVM 2013; Aldabaa et al., 2015) . SAR was also found to be a good indicator for large-scale 299 investigation of low-quality land areas, using the spectral and remote sensing techniques. properties could also distract the correlations of soil properties to some extent. ]. scanned spectral curve, which may cause non-linear changes in R e (Chauchard et al., 2004) . SOM and soil salt content (Rial et al., 2015; Liu et al., 2013 633 Figure 6 Correlations between each pair of soil particle contents and soil chemical properties. 660 Figure 6 Correlations between each pair of soil particle contents and soil chemical properties.
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